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2 Cu-protoporphyrin (CuPP), which does not inhibit HO had no effect. These results demonstrate 28 that AgHO is a catalytically active HO and that it may play a key role in egg production in 29 mosquitoes. It also presents a potential target for the development of compounds aimed at 30 sterilising mosquitoes for vector control. 31
Introduction 37
The mosquito Anopheles gambiae is the principal vector for malaria in sub-Saharan Africa, a 38 ) then briefly sonicated on ice before centrifugation at 30000g for 25 minutes. The 127 resulting supernatant was used for purification. 128
129
A Ni-NTA column was pre-equilibrated with wash buffer (150mM NaCl, 50mM Tris pH 8.0, 130 50mM imidazole, 0.1% Triton X100). The supernatant was filtered through a 0.5-micron filter 131 before being applied to the Ni-NTA column. 10mL wash buffer was used to rinse the resin, and 132 10mL elution buffer (150mM NaCl, 50mM Tris pH 8.0, 400mM imidazole, 0.1% Triton X100) 133 was used to elute the AgHO from the column. Fractions containing AgHO were pooled and 134 dialysed overnight against ice cold TS (50mM Tris pH 8.0, 150mM NaCl).
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Hemin was added to the purified AgHO to give a final 2:1 heme: protein ratio. The sample was 137 applied to a PD Minitrap G-25 column pre-equilibrated with TS. The flow through was discarded 138 and the protein eluted in TS. 139 140
Absorption spectroscopy and heme binding 141
The ferrous-CO complex was formed by the addition of dithionite to a carbon monoxide- The reaction mixture (100µL solution, 10µM AgHO-heme complex, 3µM CPR, 300µM NADPH in 155 a buffer of 150mM NaCl, 50mM Tris, pH 7.4, 0.1% Triton x100) was placed in a 90µL quartz 156 cuvette. The reference cuvette contained only buffer and CPR. The reaction was initiated with 157 addition of NADPH, and absorbance from 750nm to 350nm was immediately measured. 158
Absorbance was measured every ten minutes for two hours. Negative controls lacking NADPH, 159 CPR and AgHO were used to ensure that heme degradation was not spontaneous, non-160
Identification of CO as an AgHO reaction product 163
The final reaction mixture was 100µL containing 10µM AgHO-heme complex, 3µM AgCPR, 164 300µM NADPH, 150µM myoglobin in a buffer of 150mM NaCl, 50mM Tris, pH 7.4, 0.1% Triton 165 x100. All components except for myoglobin and NADPH were placed in in a 90µL quartz 166 cuvette, and then blanked. The reference cuvette contained only buffer and CPR. Myoglobin 167 was added to the sample cuvette, the reaction was initiated with addition of NADPH, and 168 absorbance from 600nm to 350nm was measured immediately then every ten minutes for two 169 hours. Negative controls were used that omitted each one of NADPH, CPR, and AgHO. 170 171
Identification of ferrous iron as an AgHO reaction product 172
The reaction mixture (100µL solution, 10µM AgHO-heme complex, 3µM AgCPR, 250µM 173 ferrozine, 300µM NADPH in a buffer of 150mM NaCl, 50mM Tris, pH 7.4, 0.1% Triton x100) was 174 placed in a 90µL quartz cuvette. The reference cuvette contained only buffer and CPR. The 175 reaction was initiated with addition of NADPH, and absorbance from 750nm to 350nm was 176 immediately measured. Absorbance was measured every ten minutes for one hour. Control 177 systems omitted, in turn, NADPH, CPR, and AgHO. 178 179
AgHO pH experiments 180
Each reaction mixture (200µL solution, 10µM AgHO-heme complex, 3µM AgCPR, 250µM 181
Ferrozine, 300µM NADPH in a buffer of 150mM NaCl, 50mM Tris, 0.1% Triton x100) was 182 placed in a well in a Nunc 96-well plate. There were six different pHs for the 50mM Tris buffer; 183 6.5, 7.0, 7.5, 8.0, 8.5, 9.0. Four reaction wells were set up for each buffer -three experimental 184 wells and one control well. The reaction was initiated with addition of NADPH, the control wells 185 had buffer added rather than NADPH. Absorption at 562nm was measured every 15 seconds 186 for 5 minutes. Those individuals that had not fed were excluded. 25 individuals from each feeding group were 213 isolated and kept under standard conditions and fed 10% sucrose ad libitum. After two days, an 214 egg paper was introduced to allow mosquitoes to lay. After two further days, the egg paper was 215 removed, and laid eggs were counted. 216
Data analysis 218
Binding models, statistical analysis and graphs were generated using GraphPad Prism version 219 7.00 for Windows, GraphPad Software, La Jolla California USA, www.graphpad.com. Sequence 220 analysis was performed using T-Coffee (Notredame et al., 2000) . Leu-131. However, HO-1 residues Met-34 and Phe-37 that interact with α-meso edge of heme 237 are diverged in AgHO (Ala-31 and Leu-34) and other insect HOs. 238 239
Functional expression in E. coli 240
The full length AgHO sequence was codon optimised for E. coli expression and cloned into 241 pCold II for AgHO production. Interestingly, the colonies and cultures were not observed to have 242 a green tint as has been observed in other HO expression systems (Wilks and Schmitt, 1998; 243 
11
Biliverdin production. Oxidation of heme by HO results in the production of biliverdin, which can 270 be followed by shifts in absorption spectra (Wilks et al., 1995 Figure 5A ) lacking the amino-terminal membrane anchor gave evidence of 278 heme oxidation from a reduction of the Soret peak, however, enzyme activity was relatively 279 weak, compared with reactions with full length house-fly (MdCPR, Figure 5B ) and human CPRs 280 (hCPR, Figure 5C ), presumably due to the lack of membrane anchor. However, all reactions 281 produced a reduction in the heme Soret and α/β peaks peak (398nm, 603nm and 579nm 282 respectively), indicative of heme catabolism. The appearance of a broad absorption peak 283 centred at 680nm was also evident, corresponding with peak absorption for biliverdin. Control 284 reactions lacking CPR or NADPH showed no reduction in Soret or α/β peak absorption or 285 increase at 680nm. 286 287 CO production. In order to measure the production of CO, myoglobin was included with AgHO 288 catalysed heme oxidation reactions. Myoglobin is a hemoprotein that allows CO released by 289 
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CuPP is useful as a control, as it has been shown to have similar effects to SnPP and ZnPP on 323 non-HO proteins, such as guanylyl cyclase (Ignarro et al., 1984) . Though mortality rates were 324 not formally tested, approximately ten percent of mosquitoes died per cohort, which was 325 independent of the type and concentration of the inhibitor applied, suggesting that there was 326 minimal effect on mortality in the time frame of the experiment. 327 328
Discussion 329
The ability of An. gambiae to transmit malaria is dependent on blood feeding by females, which 330 provides nutrients for egg production, as well as substantial amounts of cytotoxic heme. HO 331 required, the strong sequence homology with Ae. aegypti (62% identity) suggests that the 340 cognate HO substrate. is most likely to be heme rather than a heme conjugate as in Rhodnius. 341
AgHO contains H19 at a conserved position on the proximal heme face that is expected to 342 coordinate heme with T15 via a water molecule. The K D of AgHO was estimated to be 3.9 µM 343 using a one-site binding model. This value is seven-fold lower than Dm∆HO (27 µM) (Zhang et 344 
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